Introduction. Hypertrophic scars and keloids are physically and mentally disturbing, and can cause pain and itching. Various treatment is utilized to diminish or counteract scarring. The purpose of this study was to compare the effect of silicone gel, Contractubex gel, and corticosteroid phonophoresis for post-burn hypertrophic scars. Methods. A prospective, single-blind, randomized, controlled study with pretest-posttest design was performed; 45 patients aged 20-45 years with hypertrophic scars, 2-4 months post thermal burn were involved. They were randomly assigned to 3 groups: group A (15 patients, 8 males and 7 females) received phonophoresis with silicone gel, group B (15 patients, 8 males and 7 females) received phonophoresis with Contractubex gel, and group C (15 patients, 9 males and 6 females) received corticosteroid phonophoresis. All treatment interventions were applied at the frequency of 3 sessions/week for 24 weeks. The participants were recruited from the Kasr El-Ani hospital outpatient clinic to be treated in the outpatient clinic, Faculty of Physical Therapy, Cairo University.
Introduction
Hypertrophic scars are severe problems after thermal injuries. Scar contractures develop and extend to the underlying connective tissue and then muscles, leading to a reduction in joint range of motion and affecting the day-to-day activities [1] .
Hypertrophic scars are commonly raised, erythematous, hard, inflexible, and contracted. They are composed of an extracellular matrix, predominantly collagen. Mature elastin fibres do not exist within the extracellular scar matrix [2] .
The incidence of hypertrophic scars resulting from burns stays doubtful, with estimates of 26-75%, depending on age, ethnicity, and if recovery was spontaneous or took place via surgical approach [3] . Apart from various individual troubles, patients often complain of itching, redness, and hard nodular scar tissue, regularly with extraordinary sensations [4] .
The treatment of hypertrophic scars consists of compression therapy, topical/intralesional corticosteroid use, excisional surgical treatment, radiation, cryotherapy, laser therapy, silicone gel sheeting; these methods may be used alone or in combinations, as treatment plans [5] . Conservative treatments had been preferred within scientific settings to keep in the progression of scar and contracture with the non-invasive and easy-operation management [6] .
The advantages of silicone are associated with occlusion and hydration of scars. About 1-2 weeks after tissue injury, an increase of transepidermal water loss occurs, leading to stratum corneum dehydration. Consequently, interleukin 1 activation stimulates proliferation of keratinocytes, together with restoring barrier function and preventing dehydration. interleukin 1 signals the fibroblasts in the dermis to increase the formation of collagen. The utilization of silicone upon scars restores the barrier function of the stratum corneum, lowering transepidermal water loss, interrupting the development of keratinocytes, and terminating the growth of fibroblasts in the dermis, therefore normalizing collagen formation [7] . The production of basic fibroblast growth factor may be accelerated with the aid of silicone products [8] . Elevated basic fibroblast growth factor levels in fibroblasts lead to reduced collagen production.
Contractubex gel (10% aqueous onion extract, 50 U heparin per gram of gel, 1% allantoin) is a commonly used ointment in routine outpatient practice claimed to be effective in the treatment of scars [9] . onion extract gel decreased scar width, lowered scar erythema [10] , reduced pruritus, and generally improved scar appearance [11] . Contractubex gel is effective in preventing the development of pathologic signs in freshly healing scars (6-12 days old). on the other hand, well-formed hypertrophic scars respond excellently to products containing enzymes that display fibrinolytic activity [12] .
Corticosteroid injections (e.g., triamcinolone acetonide) may be used to treat hypertrophic scars and keloids as mono-therapy or in combination with other therapies. The response rate with this treatment equals 50-100%, and the recurrence rate is 9-50% [13] . Corticosteroids suppress recovery by way of three different mechanisms. Firstly, inflammation is suppressed by prevention of leukocyte and monocyte migration and phagocytosis. Secondly, corticosteroids are strong vasoconstrictors, so they limit the transport of oxygen and nutrients to the wound bed. Thirdly, the antimitotic effect inhibits keratinocytes and fibroblasts, thereby slowing epithelialization and new collagen formation. Corticosteroid injections seem to limit collagen formation by lowering the inflammatory process in the wound, reducing fibroblast proliferation, and causing hypoxia [14] .
Ultrasound (phonophoresis) is a method for improving the skin permeation of drugs. it combines ultrasound therapy with topical drug therapy to gain therapeutic drug concentrations at selected sites within the skin. in this technique, the drug is combined with a coupling agent, commonly a gel [15] .
Application of low-frequency ultrasound (20-100 kHz) enhances skin permeability more efficiently than high-frequency ultrasound (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . The mechanism of transdermal permeation involves a breakdown of the stratum corneum lipids, therefore allowing the drug to pass via the skin. A corresponding reduction in skin resistance was observed after cavitation, microstreaming, and heat generation [16] . Phonophoresis via ultrasound has a number of advantages; the risk of burning the skin is low, and it is unnecessary to ionize the drug.
Previous studies have focused only on the efficacy of silicon alone, Contractubex, or corticosteroids, but no research has been conducted to compare those different methods and apply ultrasound waves to improve the skin absorption of the medications [15, 17, 18] .
The purpose of this study was to compare the effectiveness of topical silicone gel phonophoresis, Contractubex phonophoresis, and corticosteroid phonophoresis for postburn hypertrophic scars.
Subjects and methods

Study design
A prospective, single-blind, randomized, controlled study with pretest-posttest design and 3 parallel groups was performed between June 2017 and January 2018. The Consolidated Standards of Reporting Trials were followed. The study was registered in ClinicalTrial.gov under the identifier NCT03777891.
Participants
A convenient sample of 45 patients (25 males and 20 females) were recruited from the Kasr El-Ani hospital outpatient clinic to be treated in the outpatient clinic, Faculty of Physical Therapy, Cairo University. They were enrolled and assessed for their eligibility to participate in the study. included were patients with hypertrophic scars 2-4 months after a deep second-degree thermal burn (direct flame or scald), aged 20-45 years, free from any other illness that might affect the results, such as skin disease, diabetes, mental disorders, peripheral vascular diseases, acute viral diseases, open wound, electrical or chemical burns.
Randomization
The participants were informed about the nature, purpose, and benefits of the study, their right to refuse or withdraw at any time, and the confidentiality of any obtained information. Anonymity was assured through coding of all data. The subjects with hypertrophic post-burn scars were randomly assigned into 3 groups (A, B, and C) by a blinded and independent research assistant who opened sealed envelopes that contained a computer-generated randomization card. No subjects dropped out of the study after randomization.
interventions Patients randomly assigned to group A received silicone gel phonophoresis: the gel (Strataderm) was applied to the scar and then the ultrasound was implemented by the therapist. The ultrasound parameters were as follows: frequency: 1 MHz, intensity: 0.5 W/cm Group B received Contractubex phonophoresis: Contractubex (Merz Pharma, Frankfurt, Germany) was applied to the scar and then the ultrasound was implemented by the therapist. The ultrasound parameters were as follows: frequency: 1 MHz, intensity: 0.5 W/cm 2 , treatment time: 5 minutes. Group C was treated with corticosteroid phonophoresis: a thin film of coupling medium (gel) was put on the hypertrophic scar and a sufficient quantity of triamcinolone was applied with a syringe over the whole scar; then the ultrasound was implemented by the therapist. The ultrasound parameters were as follows: frequency: 1 MHz, intensity: 0.5 W/cm 2 , treatment time: 5 minutes. All groups received 72 sessions of treatment, 3 times per week for 24 weeks.
outcome measures
Scar assessment was performed with the use of the modified Vancouver Scar Scale (VSS) [19] . it consists in a numerical evaluation of 4 skin characteristics, where 0 represents normal skin. The characteristics include height (range: 0-3), pliability (range: 0-5), vascularity (range: 0-3), and pigmentation (range: 0-3). The assessment was carried out before treatment, 3 months (12 weeks) after treatment, and 6 months (24 weeks) after treatment. The outcome was determined after 6 months of follow-up in terms of complete or incomplete recovery.
Statistical analysis and sample size calculation
The sample size was determined by the availability of participants that could be recruited within the fixed time of data collection. Statistical analysis was conducted with the SPSS for Windows software, version 23 (SPSS, inc., Chicago, USA). The test involved 1 dependent variable (VSS) and 2 independent variables; the between-subject factor had 3 levels (group A received phonophoresis with silicone gel, group B received phonophoresis with Contractubex gel, and group C received corticosteroid phonophoresis) and the within-subject factor had 3 levels (measuring periods: before treatment, 12 weeks after treatment, 24 weeks after treatment). Accordingly, 3 × 3 mixed design ANoVA was used to compare the VSS results of different measuring periods in 3 different groups. The preliminary assumption checking revealed that data were normally distributed, as assessed by a Normal Q-Q Plot. The examination of studentized residuals for values greater than ± 3 indicated that there were no outliers. The Levene's test of homogeneity of variances and Box's M test determined homogeneity of variances (p > 0.05) and covariances (p > 0.05), respectively. Mauchly's test of sphericity indicated that the assumption of sphericity was not violated for the two-way interaction ( 2 (2) = 0.678, p = 0.712). The alpha level was set at 0.05.
Ethical approval
The research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the declaration of Helsinki, and has been approved by the Ethics Committee of the Faculty of Physical Therapy, Cairo University (P.T.REC/012/001870).
Informed consent
informed consent has been obtained from all individuals included in this study.
Results
The total of 60 patients with hypertrophic scars 2-4 months after a post-thermal burn were eligible for inclusion, and 45 were randomized for the study intervention (Figure 1 ). Baseline demographic characteristics of the safety population are presented in Table 1 .
Group A received phonophoresis with silicone gel, group B received phonophoresis with Contractubex gel, and group C received corticosteroid phonophoresis. As indicated by the one-way ANoVA test, there were no statistically significant differences (p > 0.05) among the 3 groups concerning age. in addition, the chi-square test revealed no significant differences among the 3 groups in sex distribution (p > 0.05).
The statistical analysis with 3 × 3 mixed design ANoVA involved 45 patients assigned to 3 equal groups. it revealed that there were significant within-subject (F = 550.467, p = 0.0001), treatment*time (F = 21.081, p = 0.0001), and between-subject (F = 22.277, p = 0.0001) effects. Table 2 presents descriptive statistics and the results of multiple pairwise comparison tests (post-hoc tests) for VSS in different measuring periods in the 3 groups. The multiple pairwise comparison tests showed that there was a significant reduction (p < 0.05) 24 weeks after treatment as compared with before treatment and 12 weeks after treatment. in addition, a significant reduction (p < 0.05) was observed 12 weeks after treatment as compared with before treatment in the 3 groups. Regarding between-subject effects, multiple pairwise comparisons proved a significant reduction (p < 0.05) in VSS 12 weeks after treatment and 24 weeks after treatment in group A as compared with groups B and C. There was also a significant reduction (p < 0.05) in group B as compared with group C 12 weeks after treatment and 24 weeks after treatment.
No adverse events occurred during the study.
Discussion
The present study was designed to compare the efficacy of silicone gel phonophoresis (group A), Contractubex gel phonophoresis (group B), and corticosteroid phonophoresis (group C) for post-burn hypertrophic scars. The assessment was performed with the use of modified VSS among 45 patients suffering from post-burn hypertrophic scars.
The results revealed that there was no significant difference in any item of modified VSS between the groups before treatment, while a significant decrease was observed in the total score of modified VSS in group A 12 weeks after treatment and 24 weeks after treatment compared with group B and group C. in addition, there was a significant decrease in the total score of modified VSS in group B 12 weeks after treatment and 24 weeks after treatment compared with group C. That could prove that silicone gel phonophoresis and Contractubex gel phonophoresis are more effective methods in the treatment of hypertrophic scars than corticosteroid phonophoresis, with silicone gel phonophoresis being superior to Contractubex phonophoresis and corticosteroid phonophoresis.
The study was significant for two reasons. Firstly, it was conducted for determination and comparison of the effectiveness of three topical agents (silicone gel, Contractubex gel, and corticosteroid) by measuring the decrease in the scar tissue thickness. Secondly, the study was performed to evalu- ate the effectiveness of ultrasound and a topical agent on burn scars with regard not only to pruritus, erythema, and pigmentation, but also to the reduction of scar tissue thickness. The results are in line with those of a study that found silicone gel superior to onion extract for the prevention of hypertrophic scars in the rabbit ear [20] . The results also agree with a study that confirmed that silicone gel significantly improved the roughness of the scars and that patients experienced significantly less itching during 6 months of treatment [17] . The findings of the current study were supported by Karagoz et al. [18] , who showed that silicone gel was as effective as silicone sheeting at improving scars as assessed with VSS in a 6-month study of 45 post-burn hypertrophic scars. Both silicone products turned out significantly more effective at improving these scars than Contractubex, a topical onion extract containing heparin and allantoin. in addition, the current findings are in line with the observation that onion extract gel resulted in fewer hypertrophic scars than placebo in paediatric median sternotomies [21] .
Chanprapaph et al. [22] showed that onion extract improved scar height and itchiness but not erythema, pliability, or general appearance, as compared with placebo. A quick use of onion extract gel in surgical scars resulted in a decrease in the scar height and symptoms; however, there was no statistically significant difference in the scar redness, pliability, or overall cosmetic appearance.
Ho et al. [23] found that onion extract, heparin, and allantoin gel was effective, safe, and easy to use for the counteraction of scarring among 120 Chinese patients undergoing laser removal of tattoos. The researchers observed that the topical gel preparation decreased the risk of scarring significantly, by 11.5-23.5%. Nevertheless, we have observed that many patients who use a topical preparation containing onion extract, heparin, and allantoin gel or another onion extract gel do not notice any significant improvement in their hypertrophic scars.
Beuth et al. [9] compared hypertrophic scars treated with Contractubex for 28 days and those after 1 intralesional corticosteroid application. Contractubex allowed for a significantly shorter period of scar normalization (erythema, pruritus, and consistency) than that in the corticosteroid group. Additionally, Contractubex treatment was associated with significantly fewer adverse events (e.g., cutaneous atrophy of scar and surrounding skin tissue) than intralesional corticosteroid injections.
Juckett and Hartman-Adams [13] observed a 50-100% response rate with corticosteroid triamcinolone acetonide, and a 9-50% recurrence rate. They found that the local adverse events included skin and subcutaneous tissue atrophy, capillary dilatation, and hypopigmentation. in addition, Koc et al. [25] noted 50-100% response rates with corticosteroid triamcinolone acetonide, and a recurrence rate of 9-50%. despite the small number of randomized studies, there is broad consensus that injected triamcinolone acetonide is effective; it constitutes first-line therapy for keloids and second-line therapy (if other, easier treatments have not been efficacious) for hypertrophic scars [24] .
Limitations
Although silicone gel is the most effective agent for hypertrophic scars treatment, it has some limitations as it is very expensive; therefore, the findings of the study may be limited by cost-effectiveness from a health service perspective. in addition, the study lacked a follow-up of the post-burn hypertrophic scars among the analysed groups for several months after a rehabilitation program to evaluate the long-lasting effect. 
